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(57) ABSTRACT 
A linkage arrangement for a rearview mirror is provided. 
One aspect includes a sliding piece, a first linkage compo 
nent with a ball Socket and a Second linkage component with 
a projection configured to fit into the ball Socket. A connec 
tion assembly connects the foregoing elements together. A 
variety of conveX and concave profilings are provided on 
various Surfaces of the elements to pivot the rearview mirror. 
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Fig. 3 
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Fig. 5 
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LINKAGE ARRANGEMENT FOR THE 
ADJUSTMENT OF REARVIEW MIRRORS 

FIELD OF THE INVENTION 

0001. The invention concerns a linkage arrangement 
especially for the adjustment of rearview mirrors for motor 
vehicles. 

BACKGROUND 

0002 EP 0590 510 B1 or EP 0654377A2 makes known 
an adjustable rearview mirror in which the mirror pane is 
connected via a linkage with a carrier plate. The linkage 
connection includes a ball Socket, which is connected to the 
carrier plate. Into the ball Socket is fitted a hemispherical, 
shell-shaped projection on which the mirror pane is fas 
tened. By a clamping connection, the hemispherical shaped 
projection is pressed into the ball Socket So that when 
pivoted, the linkage remains Stationary in an optional direc 
tion. This ability to pivot in a desired direction also results 
in relatively large play. Because of this large play, the 
precision of the mirror adjustment is limited. 
0003) DE 196 44 834 C1 discloses a ball socket and a 
projection Similar to the foregoing between which a plastic 
disk is provided with a first web on the outside and a second 
web perpendicular to the first on the inside. The two webs 
engage themselves in complementary shaped openings in 
the ball Socket and in the projection pertaining thereto. By 
this structure of the ball Socket, the plastic disk, and the 
projection, the guidance of the mirror adjustment is limited 
to two axes of rotation, disposed at right angles to one 
another. In any case, this construction has a tendency toward 
great play when exposed to abrasion and wear. 

BRIEF SUMMARY OF THE INVENTION 

0004. The present invention provides a linkage arrange 
ment in which the play remains Small after adjustinents over 
extended periods. It is a further purpose of the present 
invention to provide a rearview mirror with Such a linkage 
connection. The component parts of the invention are 
Simple, reliable, and economical to manufacture, assemble 
and use. Other advantages of the invention will be apparent 
from the following description and the attached drawings, or 
can be learned through practice of the invention. 
0005 Because of the fact that an outer, concave shape is 
more sharply curved than an inner, convex shape, the 
Surfaces of the cupped shapes, when the inner is placed 
within the Outer, do not lie completely contiguous to one 
another. Moreover, at what should be the deepest point of 
contact between the concave and convex shapes, the Sur 
faces do not touch at all. If wear occurs, the inner convex 
Structure penetrates deeper into the Outer concave structure 
to prevent increased play. The conveX and concave struc 
tures form, respectively, a ball-and-Socket joint. 
0006 Surface profiling is provided on the ball-and-socket 
assembly and the sliding part connected there with. The 
profiling, when seen in top view, comprises Straight-line 
corrugations following the Surfaces. By this Surface profiling 
of the ball-and-Socket and associated parts, two axes of 
rotation are defined, fixed in Space, and oriented at an angle 
to one another, thus establishing planes of rotation. Accord 
ingly, the desired adjustment or pivoting capability is estab 
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lished. Simultaneously, loadings by forces not in the current 
planes of rotation, are distributed over the plurality of the 
elevations of the profiling and are thus less effective. Addi 
tionally, the guidance into the current plane of rotation is 
improved by the corrugation-like profiling and play is fur 
ther diminished. 

0007. In accord with an alternative embodiment of the 
invention where a multiplicity of grooves and elevations are 
present as part of the profiling, the improved freedom from 
play occurs without a difference in radii of curvature via the 
full Surface contact of the grooves and elevations. 

0008. In accord with an advantageous embodiment of the 
invention, the two fixed axes of rotation Stand perpendicular 
to one another, whereby the necessary paths of adjustment 
are minimized. 

0009. In accord with yet another advantageous embodi 
ment, a sliding piece is hemispherical in shape, and thus its 
concavity fits with the shape of the ball projection. In other 
words, the sliding piece is complementary to the projection, 
and the transmission of force between the two linkage 
components is evenly distributed. 

0010. In accord with another advantageous embodiment, 
the profiling covers the full surface of the inner side of the 
ball Socket and also covers that Side of the projection as well 
as the forward and rear Sides of the sliding piece. In this way 
the surface, which has been profiled in accord with the 
invention, is maximized and the distribution of the forces 
made uniform. 

0011 Because of the wave form shaping of the profiling, 
the distribution of the forces is likewise evened out and 
peaks of force are avoided. 

0012 Because of the fact that the sliding piece is made of 
a vibration damping material, the vibration tendency of a 
rearview mirror is reduced with an invented linkage con 
nection. 

0013 Another advantageous embodiment of the inven 
tion induces a projection rod that penetrates central openings 
in the ball joint, Sliding piece and projection, which results 
in a compact connection arrangement between the two 
linkage components. 

0014) The sliding piece, in an advantageous manner, can 
be placed between the projection and the ball Socket on the 
convex underside of the ball joint, or on the concave topside 
of the projection. In this way, the size of the central 
openings, in a simple way, determines the pivoting range of 
the linkage apparatus. 

0015. A linkage apparatus of this kind is especially 
appropriate for adjustable rearview mirrors. In this case, the 
adjustable mirror pane is connected with the mirror carrier 
via the invented linkage apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The above and other aspects and advantages of the 
present invention are apparent from the detailed description 
below in combination with the drawings in which: 

0017 FIG. 1 is a perspective, exploded view of a first 
embodiment of the invention; 
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0.018 FIG. 2 is a perspective, exploded view of the first 
embodiment of the invention as in FIG. 1 seen from another 
angle, 

0019 FIG. 3 is a sectional view of the embodiment as in 
FIGS. 1 and 2; 
0020 FIG. 4 is a schematic drawing of the differences in 
varied curvatures of convex and concave Structuring; 
0021 FIG. 5 is a second embodiment of the invention; 
and 

0022 FIG. 6 is a third embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0023 Detailed reference will now be made to the draw 
ings in which examples embodying the present invention are 
shown. The drawings and detailed description provide a full 
and detailed written description of the invention, and of the 
manner and process of making and using it, So as to enable 
one skilled in the pertinent art to make and use it, as well as 
the best mode of carrying out the invention. However, the 
examples Set forth in the drawings and detailed description 
are provided by way of explanation of the invention and are 
not meant as limitations of the invention. The present 
invention thus includes any modifications and variations of 
the following examples as come within the Scope of the 
appended claims and their equivalents. 
0024. The detailed description uses numerical and letter 
designations to refer to features in the drawings. Like or 
Similar designations in the drawings and description have 
been used to refer to like or Similar parts of the invention. 
0025 FIGS. 1, 2 and 3 show a first embodiment of a 
linkage apparatuS 1 in an exploded view. The linkage 
apparatuS 1 encompasses a first linkage component 2 with a 
ball Socket 4 and a Second linkage component 6 with a 
hemispherically shaped projection 8. The ball socket 4 is 
likewise of hemispherical shape with a concave topside 10 
and a convex underSide 12. The hemispherically shaped 
projection 8 has a convex underside and a concave topside 
16. The projection 8 fits into the ball socket 4. Between the 
ball socket 4 and the projection 8 is provided a hemispheri 
cal, shell-shaped sliding piece 18 that has a convex under 
Side 20 and a concave topside 22. 
0026. The convex underside 20 of the sliding piece 18 is 
provided with a convex profiling 24, and the concave topside 
18 of the ball socket 4 is also provided with a concave 
profiling 26. The convex and the concave profiling 24 and 26 
are molded to be complementary to one another and partially 
fit together after insertion in a form-fit manner. In this way, 
between the first linkage part 2 and the Sliding piece 18, a 
Sliding movement is only possible about a first axis of 
rotation DA1. FIGS. 1, 2 and 3 shows that the first axis DA1 
extends acroSS a horizontal plane of the drawings. 
0027. The mutually concave topside 22 of the sliding 
piece 18 is likewise provided with the concave profiling 26 
and the convex underside 14 of the projection 8 is finished 
with convex profiling 24, complementary to the profiling 26. 
In this way, between the sliding piece 18 and the second 
linkage component 6, only one sliding direction of move 
ment is possible about a Second axis of rotation DA2, which 
is perpendicular to the first axis of rotation DA1 and is also 
perpendicular to the horizontal plane of the drawings. 
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0028. The mutually complementary profilings 24 and 26 
consist of a plurality of running ridges or elevations 28 and 
Valleys or grooves 30, which appear in a top view to be 
Straight lines. Viewed in a plane transverse to an axis of 
rotation DA1 or DA2 as in FIG. 3, the wave-like, cross 
sections of the elevations 28 and grooves 30 are visible. 
More specifically, FIG. 3 shows the convex profiling 24 on 
the convex underside 20 of the sliding part 18 and the 
concave profiling 26 on the concave topside 10 of the ball 
Socket 4. 

0029 Ball socket 4, projection 8 and sliding part 18, or 
the respective conveX and concave profiling on these com 
ponents, are made in a half shell form as seen in FIG. 4. In 
this case, the outer concave form 26 has a sharper curve than 
the inner convex form 24. In other words, the concave radius 
Ri of the inner, convex form 24 is larger than the radius of 
curvature Ra of the outer, concave form 26. If the forms 24 
and 26 were rigid, then the complementary groove/elevation 
corrugations engage each other only along one circumfer 
ential line. Since, however, the forms 24 and 26 are plasti 
cally deformable, the engagement is along a closed contact 
Strip Surface. Accordingly, this plastic arrangement of the 
inner, convex form 24 of greater curvature, and the outer 
concave form 26 of less curvature slide the forms 24, 26 
further into one another after abrasive wear. Thus, over a 
long Service life, increased play is prevented. 
0030 Alternatively, the forms 24 and 26, which are 
complementary to one another, can be made to fit one 
another in Such a way that the full Surfaces are engaged, as 
indicated in the drawings of FIGS. 1, 2 and 4 to 6. In this 
aspect of the invention, the first and Second linkage com 
ponents 2 and 6, along with the Sliding piece 18, are clamped 
together by a connection apparatus 32. The connection 
apparatus 32 is comprised of a connecting rod 34, which 
penetrates a first, Second and third central opening, respec 
tively 36, 38 and 40, in the ball socket, the sliding piece 18 
and the projection 8 (see FIGS. 1 and 2). The connecting 
rod 34 possess at its lower end a Support assembly 42 and on 
its upper end an abutment head 44. The upper abutment head 
44, however, is a bolt head 44 and bears upon the concave 
topside 16 of the projection 8. The lower support assembly 
42 encompasses a helical Spring 46, a preSSure disk 48 and 
a threaded nut 50. The pressure disk 48 and the helical spring 
46 are slipped over the connection rod 34 which extends out 
of the first central opening 36 in the ball socket 4 and is fixed 
in place by the screwed head 50. 
0031. The third central opening 40 in the projection 8 
adapts in its diameter to the diameter of the connecting rod 
34. The second central opening 38 in the sliding piece 18 is 
a slot, the greater diameter of which extends in the direction 
of rotation about the second axis of rotation DA2. The first 
central opening 36 in the ball Socket 4 is also a slot, the 
greater diameter of which extends itself in the direction of 
rotation about the first axis of rotation, namely DA1. 
0032 FIG. 5 shows schematically, in a presentation 
similar to FIG. 3, a second embodiment of a linkage 
apparatus 101. This second embodiment of the invention 
differentiates itself from the first embodiment in that the ball 
Socket 4 is placed between the projection 8 and the sliding 
piece 18. 
0033. The second linkage component 6 with projection 8, 
concave topside 16, convex underSide 14 and convex pro 
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filing on the underSide 14 corresponds to the Second linkage 
component 6 of the first embodiment in accord with the 
FIGS. 1 to 3. The concave profiling 26, is complementary to 
the convex profiling 24 on the convex underside 14. This 
differs from the first embodiment in that the profiling 26 is 
now placed on the concave topside of the ball Socket 4. In 
this way, the second axis of rotation DA2 between the 
projection 8 and the ball socket 4 is here fixed by the 
complementary profilings 24 and 26. 

0034. On the convex underside 12 of the ball socket 4, 
likewise, the convex profiling is placed. The concave pro 
filing 26 complementary to this is on the concave topside 22 
of the sliding piece 18. In this way, the first axis of rotation 
DA1 is determined by the complementary profiling 24 and 
26, respectively on the convex underside 12 of the ball 
Socket and on the concave topside 22 of the Sliding piece 18. 

0035. The connection apparatus 32 corresponds to that of 
the first embodiment. In this first embodiment case, the 
sliding piece 18 is under pressure by the pressure disk 48 
lying against the underside 12 of the ball Socket 4. 

0.036 The third central opening 40 in the projection 8 and 
the Second central opening 38 in the Sliding piece 18 
correspond in diameter to the diameter of the connecting rod 
34. The first central opening in the ball socket is likewise 
round, but essentially larger and defines the pivoting range 
between the two linkage components 2 and 6. 

0037 FIG. 6 shows a third embodiment of a linkage 
apparatus 201, which differentiates itself from the first and 
the Second embodiments in that the projection 8 is placed 
between the sliding piece 18 and the ball socket 4. The 
connection apparatus 32, for the Sake of Simplicity, is not 
shown in FIG. 6. 

0038. The first axis of rotation DA1 is determined 
between sliding piece 18 and projection 8 by the convex 
profiling 24 on the convex underSide 20 of the Sliding piece 
18 and also the ecomplementary concave profiling 26 on the 
concave topside 16 of the projection 8. The second axis of 
rotation DA2 is determined at a line between the projection 
8 and the ball socket 4 and by the convex profiling 24 on the 
convex underside 14 of the projection 8 and the comple 
mentary profiling 26 on the concave topside 10 of the ball 
Socket 4. 

0.039 The third central opening 40 in the projection 8 
corresponds in its diameter to the diameter of the connecting 
rod (not shown). The first central opening 36 in the ball 
Socket 4 and the Second central opening 38 in the sliding 
piece 18 are essentially made larger in diameter and, once 
again, limit the pivoting range between the two linkage 
components 2 and 6. 

0040. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention without departing from the Scope and 
Spirit of the invention. For example, Specific shapes of 
various elements of the illustrated embodiments may be 
altered to Suit particular applications. It is intended that the 
present invention include Such modifications and variations 
as come within the Scope of the appended claims and their 
equivalents. 
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1-19. (Cancelled.) 
20. A linkage arrangement for a rearview mirror compris 

ing: 

a first linkage component defining a ball Socket; 

a Second linkage component defining a projection con 
figured to fit into the ball socket; 

a sliding piece; and 

a connection assembly configured to connect the first 
linkage component, the Sliding piece and the Second 
linkage component together, 

wherein at least one of the ball Socket, the Sliding piece 
and the projection defines a convex profiling and 
another of the ball Socket, the Sliding piece and the 
projection defines a concave profiling for reception of 
the convex profiling, the concave profiling defining a 
larger radius of curvature than the convex profiling, the 
convex profiling and the complementary profiling con 
figured to pivot at least one of the ball Socket, the 
sliding piece and the projection about an axis of rota 
tion. 

21. The linkage arrangement as in claim 20, wherein the 
convex profiling and the concave profiling define a plurality 
of parallel ridges and Valleys. 

22. The linkage arrangement as in claim 21, wherein the 
ridges and Valleys have respective Substantially uniform 
height and depth to define a uniform waveform. 

23. The linkage arrangement as in claim 22, wherein the 
uniform wave form is Sine wave shaped. 

24. The linkage arrangement as in claim 20, wherein the 
convex profiling and the concave profiling are disposed on 
the ball Socket, the Sliding piece and the projection to define 
another axis of rotation disposed perpendicular to the axis of 
rotation. 

25. The linkage arrangement as in claim 20, wherein the 
sliding piece (18) is hemispherical shaped. 

26. The linkage arrangement as in claim 20, wherein the 
projection, the sliding part and the ball Socket define open 
ings therethrough and wherein the connection apparatus 
includes a rod configured for insertion through the openings 
to connect the ball Socket, the Sliding part and the projection 
together. 

27. The linkage arrangement as in claim 20, wherein the 
Sliding piece is disposed between the first and the Second 
linkage components. 

28. The linkage arrangement as in claim 27, wherein the 
ball Socket defines a concave topside and the Sliding part 
defines a convex underside, the concave profiling disposed 
on the topside, the convex profiling disposed on the convex 
underSide to define the axis of rotation. 

29. The linkage arrangement as in claim 27, wherein the 
projection defines a convex underside and the Sliding part 
defines a concave topside, the convex profiling disposed on 
the convex underSide, the concave profiling disposed on the 
concave topside complementary to the convex profiling of 
the convex underside to define a Second axis of rotation 
transverse to the axis of rotation. 
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30. A linkage arrangement for a rearview mirror compris 
ing: 

a first linkage component defining a ball Socket; 
a Second linkage component defining a spherical projec 

tion configured to fit into the ball Socket; 
a sliding piece; and 
a connection assembly configured to clamp the first 

linkage component, the Sliding piece and the Second 
linkage component together, 

wherein at least one of the ball Socket, the Sliding piece 
and the projection defines a convex profiling and 
another of the ball Socket, the Sliding piece and the 
projection defines a concave profiling for reception of 
the convex profiling, the concave profiling defining a 
larger radius of curvature than the convex profiling, the 
convex profiling and the concave profiling defining a 
plurality of parallel ridges and Valleys and configured 
to pivot at least one of the ball Socket, the Sliding piece 
and the projection. 

31. The linkage arrangement as in claim 30, wherein the 
ridges and Valleys have respective Substantially uniform 
height and depth to define a uniform waveform. 

32. The linkage arrangement as in claim 31, wherein the 
uniform wave form is a Sine curve waveform. 

33. The linkage arrangement as in claim 30, wherein the 
convex profiling and the concave profiling are disposed on 
the ball Socket, the sliding piece and the projection to define 
at least two axes of rotation disposed perpendicular to one 
another. 

34. The linkage arrangement as in claim 30, wherein the 
Sliding piece is hemispherical shaped. 

35. The linkage arrangement as in claim 30, wherein the 
projection, the sliding part and the ball Socket define open 
ings therethrough and wherein the connection apparatus 
includes a rod configured for insertion through the openings 
to connect the ball Socket, the Sliding part and the projection 
together. 

36. The linkage arrangement as in claim 30, wherein the 
openings are configured to permit pivoting of the linkage 
components. 

37. The linkage arrangement as in claim 30, wherein the 
Sliding piece is disposed between the first and the Second 
linkage components. 

38. The linkage arrangement as in claim 30, wherein the 
ball Socket defines a concave topside and the Sliding part 
defines a convex underside, the concave profiling disposed 
on the topside, the convex profiling disposed on the convex 
underSide to define an axis of rotation. 

39. The linkage arrangement as in claim 38, wherein the 
projection defines a convex underside and the Sliding part 
defines a concave topside, the conveX profiling disposed on 
the convex underSide, the concave profiling disposed on the 
concave topside complementary to the convex profiling of 
the convex underSide to define another axis of rotation 
divergent from the axis of rotation. 

40. The linkage arrangement as in claim 30, wherein the 
ball Socket defines a convex underside and the sliding part 
defines a concave topside, the conveX profiling disposed on 
the convex underSide, the concave profiling disposed on the 
topside to define an axis of rotation. 

41. The linkage arrangement as in claim 30, wherein the 
projection defines a convex underside and the ball Socket 
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defines a concave topside, the convex profiling disposed on 
the convex underSide, the concave profiling disposed on the 
concave topside complementary to the convex profiling of 
the convex underSide to define another axis of rotation 
divergent from the axis of rotation. 

42. The linkage arrangement as in claim 30, wherein the 
projection defines a concave topside and the Sliding part 
defines a convex underside, the concave profiling disposed 
on the topside, the convex profiling disposed on the convex 
underSide to define an axis of rotation. 

43. The linkage arrangement as in claim 42, wherein the 
projection defines a convex underside and the ball Socket 
defines a concave topside, the convex profiling disposed on 
the convex underSide, the concave profiling disposed on the 
concave topside complementary to the convex profiling of 
the convex underSide to define another axis of rotation 
divergent from the axis of rotation. 

44. The linkage arrangement as in claim 30, further 
comprising a pressure disk, the preSSure disk and the con 
nection assembly configured to position the Sliding part 
adjacent one of the projection and the ball Socket. 

45. The linkage arrangement as in claim 30, wherein the 
connection assembly further comprises a helical Spring 
disposed about a connection rod. 

46. The linkage arrangement as in claim 30, further 
comprising an electric motor positioning apparatus config 
ured to engage the first and the Second linkage components. 

47. A rearview mirror assembly for a vehicle having a 
mirror carrier With a mirror pane and a linkage arrangement, 
the linkage arrangement comprising: 

a first linkage component, a Second linkage component, a 
sliding piece, and a connection assembly, the first 
linkage component and the Second linkage component 
respectively defining one of a ball Socket and a pro 
jection, the projection configured to fit into the ball 
Socket, the connection assembly configured to connect 
the first linkage component, the Second linkage com 
ponent and the sliding piece together, 

wherein at least one of the ball Socket, the projection and 
the sliding piece defines a convex profiling and another 
of the ball Socket, the Sliding piece and the projection 
defines a concave profiling for reception of the convex 
profiling, the convex profiling and the concave profil 
ing configured to pivot at least one of the ball Socket, 
the Sliding piece and the projection about an axis of 
rotation to adjust the mirror pane in relation to the 
mirror carrier. 

48. The linkage arrangement as in claim 45, wherein the 
ball Socket defines a concave topside and the Sliding part 
defines a convex underside, the concave profiling disposed 
on the topside, the convex profiling disposed on the convex 
underSide to define an axis of rotation. 

49. The linkage arrangement as in claim 45, wherein the 
projection defines a convex underside and the Sliding part 
defines a concave topside, the convex profiling disposed on 
the convex underSide, the concave profiling disposed on the 
concave topside complementary to the convex profiling of 
the convex underSide to define an axis of rotation. 

50. The linkage arrangement as in claim 45, wherein the 
ball Socket defines a convex underside and the sliding part 
defines a concave topside, the convex profiling disposed on 
the convex underSide, the concave profiling disposed on the 
topside to define an axis of rotation. 
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51. The linkage arrangement as in claim 45, wherein the 
projection defines a convex underside and the ball Socket 
defines a concave topside, the conveX profiling disposed on 
the convex underSide, the concave profiling disposed on the 
concave topside complementary to the convex profiling of 
the convex underSide to define an axis of rotation. 

52. The linkage arrangement as in claim 45, wherein the 
projection defines a concave topside and the Sliding part 
defines a convex underside, the concave profiling disposed 
on the topside, the convex profiling disposed on the convex 
underSide to define an axis of rotation. 

53. The linkage arrangement as in claim 45, wherein the 
projection defines a convex underside and the ball Socket 
defines a concave topside, the conveX profiling disposed on 
the convex underSide, the concave profiling disposed on the 
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concave topside complementary to the convex profiling of 
the convex underSide to define an axis of rotation. 

54. The linkage arrangement as in claim 45, wherein the 
concave profiling defines a larger radius of curvature than 
the convex profiling. 

55. The linkage arrangement as in claim 45, wherein the 
Sliding piece is disposed between the first and the Second 
linkage components. 

56. The linkage arrangement as in claim 45, further 
comprising a pressure disk, the preSSure disk and the con 
nection assembly configured to position the Sliding part 
adjacent one of the projection and the ball Socket. 


